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includes a through silicon via ( TSV ) and an electromigration 
( EM ) monitor . The TSV extends completely through a 
semiconductor chip and the EM monitor includes a plurality 
of EM wires proximately arranged about the TSV perimeter . 
An EM testing method includes forcing electrical current 
through EM monitor wiring arranged in close proximity to 
the perimeter of the TSV , measuring an electrical resistance 
drop across the EM monitor wiring , determining if an 
electrical short exists between the EM monitor wiring and 
the TSV from the measured electrical resistance , and / or 
determining if an early electrical open or resistance increase 
exists within the EM monitoring wiring due to TSV induced 
proximity effect . 
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ings . 

ELECTROMIGRATION MONITOR mining if an early electrical open or resistance increase 
exists within the EM monitoring wiring due to TSV induced 

FIELD proximity effect . 
These and other embodiments , features , aspects , and 

Embodiments of invention generally relate to semicon - 5 advantages will become better understood with reference to 
ductor devices , design structures for designing a semicon - the following description , appended claims , and accompa 
ductor device , and semiconductor device fabrication meth - nying drawings . 
ods . More particularly , embodiments relate to 
semiconductor structures with an electromigration monitor . BRIEF DESCRIPTION OF THE DRAWINGS 

10 
BACKGROUND So that the manner in which the above recited features of 

the present invention are attained and can be understood in 
Electromigration ( EM ) is the transport of material caused detail , a more particular description of the invention , briefly 

summarized above , may be had by reference to the embodi by movement of ions in an electrical conductor due to 
momentum transfer between conducting electrons and dif 15 ments thereof which are illustrated in the appended draw 
fusing metal atoms . The effects of EM are important in It is to be noted , however , that the appended drawings applications where high current densities are used , such as illustrate only typical embodiments of this invention and are in the microelectronics industry . For example , as the size of therefore not to be considered limiting of its scope , for the 
electronic structures , such as integrated circuits ( ICS ) 20 invention may admit to other equally effective embodi 
decreases , the effects of EM increase . ments . 

A particular EM effect is a reliability decrease of semi - FIG . 1 depicts a semiconductor wafer , in accordance with 
conductor chips or other ICs . EM may also cause the various embodiments of the present invention . 
eventual loss of electrical connections or failure of a circuit . FIG . 2 - FIG . 3 depict cross section views of semiconduc 
Although EM damage may ultimately result in the failure of 25 tor structures , in accordance with various embodiments of 
the IC , some IC may exhibit seemingly random errors prior the present invention . 
to the failure . In a laboratory setting , EM failure may be seen FIG . 4A - FIG . 4D depict detailed cross section views of 
utilizing an electron microscope . With increasing miniatur semiconductor structures , in accordance with various 
ization of electronic components , the probability of failure embodiments of the present invention . 
due to EM increases due to increasing power density and 30 FIG . 5A - FIG . 5B depict detailed cross sectional views of 
current density . semiconductor structures , in accordance with various 

In some semiconductor manufacturing processes , copper embodiments of the present invention . 
has replaced aluminum as the interconnect material of FIG . 6A - FIG . 6C depict detailed cross sectional views of 
choice . Though copper is more fragile , it has become semiconductor structures , in accordance with various 
preferred for its superior conductivity and lower suscepti - 35 embodiments of the present invention . 
bility to EM effects . However , EM continues to be an ever FIG . 7 depicts an isometric view of sections of an EM 
present challenge to the semiconductor device fabrication monitor , in accordance with various embodiments of the 
industry . present invention . 

Recently , three - dimensional integration of integrated cir - FIG . 8A - FIG . SE depict detailed cross sectional views of 
cuits with through - silicon - vias ( TSVs ) has been used by the 40 semiconductor structures , in accordance with various 
semiconductor industry for achieving enhanced electron embodiments of the present invention . 
device capabilities . TSVs create electrical paths through the FIG . 9A - FIG . 9C depicts isometric views of portions of 
entire silicon substrate . Such structures and associated pro - an EM monitor , in accordance with various embodiments of 
cesses present a new challenge for EM reliability of sur the present invention . 
rounding BEOL interconnects . 45 FIG . 10 depicts an exemplary semiconductor device fab 

rication process flow method , in accordance with various 
SUMMARY embodiments of the present invention . 

FIG . 11 depicts an exemplary EM testing method , in 
In an embodiment of the present invention , a semicon - accordance with various embodiments of the present inven 

ductor structure includes a TSV extending completely 50 tion . 
through a semiconductor chip and an EM monitor compris - FIG . 12 depicts a flow diagram of a design process used 
ing a plurality of EM wires proximately arranged about the in semiconductor design , manufacture , and / or test , in accor 
TSV perimeter . dance with various embodiments of the present invention . 

In another embodiment of the present invention , a design The drawings are not necessarily to scale . The drawings 
structure tangibly embodied in a machine readable medium 55 are merely schematic representations , not intended to por 
for designing , manufacturing , or testing a semiconductor tray specific parameters of the invention . The drawings are 
device , includes : the TSV extending completely through a intended to depict only exemplary embodiments of the 
semiconductor chip and the EM monitor comprising a invention . In the drawings , like numbering represents like 
plurality of EM wires proximately arranged about the TSV elements . 
perimeter . 

In yet another embodiment of the present invention , an DETAILED DESCRIPTION 
EM testing method includes : forcing electrical current 
through EM monitor wiring arranged in close proximity to Detailed embodiments of the claimed structures and 
the perimeter of a TSV , measuring an electrical resistance methods are disclosed herein ; however , it can be understood 
drop across the EM monitor wiring ; determining if an 65 that the disclosed embodiments are merely illustrative of the 
electrical short exists between the EM monitor wiring and claimed structures and methods that may be embodied in 
the TSV from the measured electrical resistance , and deter - various forms . These exemplary embodiments are provided 
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so that this disclosure will be thorough and complete and embodiments , substrate 50 may be , for example , a layered 
will fully convey the scope of this invention to those skilled substrate ( e . g . silicon on insulator ) or a bulk substrate . 
in the art . In the description , details of well - known features In various embodiments , devices 55 may be formed upon 
and techniques may be omitted to avoid unnecessarily or within the substrate 50 . Devices 55 and the process of 
obscuring the presented embodiments . 5 device 55 fabrication are well known in the art . Devices 55 

Embodiments of invention generally relate to semicon - may be for example , a diode , field effect transistor ( FET ) , 
ductor devices , and more particularly to semiconductor metal oxide FET ( MOSFET ) , logic gate , or any suitable 
structures including a through silicon via ( TSV ) . A TSV is combination thereof . Devices 55 also may be components 
generally a vertical electrical connection via ( Vertical Inter - such as a gate , fin , source , drain , channel , etc . that when 
connect Access ) passing completely through a silicon wafer 10 combined form a device 55 . For clarity , though one device 
or die . TSVs may be utilized to create various 3D packages . 55 is shown , there are typically numerous devices 55 
A particular 3D package ( System in Package , Chip Stack included within active regions of each chip 10 . In certain 
MCM , etc . ) may include two or more chips stacked verti - embodiments , devices 55 may be formed within substrate 
cally so that they occupy less space and / or have greater 50 . For example , a source and drain may be formed within 
connectivity . An alternate type of 3D package includes a 15 substrate 50 . To electrically isolate various devices 55 from 
chip stacked upon a carrier substrate containing TSVs used another device 55 , chips 10 may include isolation regions 
to connect multiple chips together . ( not shown ) formed upon and / or within substrate 50 ( e . g . an 

In some 3D packages , stacked chips are wired together isolation region may electrically isolate an n - FET device 55 
along their edges . In other 3D packages , TSVs replace edge from a p - FET device 55 , etc . ) . 
wiring by creating vertical connections through the body of 20 The FEOL layer 60 is the layer of chip 10 that generally 
the chips . Such TSV may be referred to as TSS ( Through - includes individual devices 55 ( e . g . transistors , capacitors , 
Silicon Stacking or Thru - Silicon Stacking ) resistors , etc . ) patterned in or upon substrate 50 . For 

Another particular 3D package may be a 3D integrated example , FinFETs may be implemented in FEOL layer 60 
circuit ( 3D IC ) . A 3D IC may be a single IC built by stacking with gate first or gate last FinFET fabrication process 
silicon wafers and / or dies and interconnecting them verti - 25 techniques . The FEOL layer 60 may include devices 55 , one 
cally with TSVs to form a single device . By using TSVs , 3D or more dielectric layers , vias 65 to electrically connect 
ICs can increase electrical connections and associated wir - device 55 to BEOL wiring layers , etc . The BEOL layer 70 
ing into a smaller area , leading to faster device operation , is the layer of chip 10 including wiring 80 formed by known 
etc . The different devices in the stack may be heterogeneous , wiring fabrication techniques . The BEOL wiring 80 may be 
e . g . combining CMOS logic , DRAM and III - V materials 30 formed as various wiring lines at differing levels . For 
into a single 3D IC or homogeneous . example , wiring layer 82 may be formed , followed by 
Referring now to the figures , wherein like components are wiring layer 84 that is generally above wiring layer 82 , 

labeled with like numerals , exemplary fabrication steps of followed by wiring layer 86 that is generally above wiring 
forming a semiconductor structure 10 in accordance with layer 84 . BEOL layer 70 may further include vias 65 to 
embodiments of the present invention are shown , and will 35 electrically connect various wiring 80 layers and / or to 
now be described in greater detail below . The specific connect a wiring 80 layer with a device 55 . 
number of components depicted in the figures and the cross According to various embodiments of the present inven 
section orientation was chosen to best illustrate the various tion , BEOL layer 70 may also include an electromigration 
embodiments described herein . ( EM ) monitor 120 . EM monitor 120 is generally located 

FIG . 1 depicts a semiconductor wafer 5 with various 40 within testing region 30 and arranged about the perimeter of 
regions , in accordance with various embodiments of the or a portion of the perimeter of a TSV 100 . EM monitor 120 
present invention . Wafer 5 may include a plurality of chips includes one or more EM lines at one or more EM layers 
10 separated by kerfs 20 . Each chip 10 may include an active 122 , 124 , 126 . In various embodiments , a particular EM 
region wherein IC devices , microelectronic devices , etc . layer may be formed simultaneously with a particular wiring 
may be built using microfabrication process steps such as 45 layer . For instance , EM layer 122 may be formed in asso 
doping or ion implantation , etching , deposition of various ciation with wiring layer 82 , EM layer 124 may be formed 
materials , photolithographic patterning , electroplating , etc . in association with wiring layer 84 , and EM layer 126 may 
Wafer 5 may further comprise one or more testing regions be formed in association with wiring layer 86 . In certain 
30 . In various embodiments , the one or more testing regions embodiments , top and bottom surfaces of one or more EM 
30 may be included within the active region of a chip 10 50 layers may be coplanar with respective top and bottom 
and / or may be included within various kerf 20 locations surfaces of the associated wiring layer . 

Referring to FIG . 2 and FIG . 3 that depict cross section BEOL layer 70 may also include multiple dielectric layers 
views of a semiconductor structure at intermediate stages of that may be utilized to form wiring 80 . For example , BEOL 
semiconductor device fabrication , in accordance with vari - layer 70 may include a first dielectric layer generally utilized 
ous embodiments of the present invention . For example , at 55 for form wiring layer 82 and / or EM layer 122 , a second 
the present stage of wafer 5 fabrication , chips 10 may dielectric layer generally utilized to form wiring layer 84 
include a semiconductor substrate 50 , a front end of the line and / or EM layer 124 , a third dielectric layer generally 
( FEOL ) layer 60 upon the substrate 50 , and a back end of the utilized to form wiring layer 86 and / or EM layer 126 , etc . 
line ( BEOL ) layer 70 upon the FEOL layer 60 . In various embodiments , wiring lines and EM lines may 

The semiconductor substrate 50 may include , but is not 60 be formed , for example , utilizing photolithography , etching , 
limited to : any semiconducting material such conventional and deposition techniques . More specifically , a pattern may 
Si - containing materials , Germanium - containing materials , be produced by applying a masking layer such as a photo 
GaAs , InAs and other like semiconductors . Si - containing resist or photoresist with an underlying hardmask , to a 
materials include , but are not limited to : Si , bulk Si , single surface to be etched ; exposing the photoresist to a pattern of 
crystal Si , polycrystalline Si , SiGe , amorphous Si , silicon - 65 radiation ; and then developing the pattern into the photore 
on - insulator substrates ( SOI ) , SiGe - on - insulator ( SGOI ) , sist utilizing a resist developer . Once the patterning of the 
annealed poly Si , and poly Si line structures . In various photoresist is completed , the sections covered by the pho 
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toresist are protected while the exposed regions are removed two , or three EM layers are shown in the drawings , it is 
using a selective etching process that removes the unpro realized that a semiconductor structure may include addi 
tected regions . Such etching techniques may form wiring tional EM layers . 
line trenches and / or EM line trenches that may be filled , FIG . 5A - FIG . 5B depict detailed top - down cross sectional 
deposited , etc . with an electrically conductive material to 5 views of semiconductor structures including EM monitor 
form the wiring line and / or EM line . In certain embodi - 120 and TSV 100 , in accordance with various embodiments 
ments , multiple etchings and depositions may be employed of the present invention . The view of FIG . 5A - FIG . 5B is 
to form the various wiring layers 82 , 84 , 86 , etc . and / or EM shown parallel to and through an EM layer . In certain 
layers 122 , 124 , 126 , etc . embodiments , EM monitor 120 is the structure or method of 

Testing region 30 may also include TSV 100 . TSV 100 is 10 measuring leakage current from an EM wire 200 that is 
a vertical electrical connection via passing completely positioned in physically close proximity to the perimeter or 
through chip 10 . TSV 100 may also be formed utilizing the portion of the perimeter of TSV 100 . In certain embodi 
photolithography and etching techniques to form a TSV ments , the EM wire 200 may be positioned about the 
trench . In certain embodiments , TSV 100 may be a pillar , perimeter or the portion of the perimeter of multiple TSVs 
stud , etc . and may be fabricated by forming an electrically 15 100 . There may be numerous EM wires 200 within EM 
insulating film 104 on an internal surface of the TSV trench monitor 120 . For example , there may be an EM wire 200 in 
and filling the remaining internal space of the TSV trench each EM layer 122 , 124 , 126 , etc . An electrical current may 
with an electrically conductive material 102 . In certain be forced upon EM wire 200 such that an electron flow is in 
embodiments the electrically insulating film 104 may be the direction from cathode end 202 toward the anode end 
omitted and the electrically conductive material 102 may be 20 204 of EM wire 200 . A resistance increase and drop across 
formed within the TSV trench . For the TSV 100 to pass EM wire 200 may be measured and compared to a theoreti 
completely through chip 10 , a handler substrate may be cal , known , anticipated , etc . resistance increase and drop to 
attached to a front side of wafer 5 so that the backside of determine potential voids and current leakage , etc . Resis 
wafer 5 may be planarized and or subjected to a grinding tance increase or current leakage increase may occur due to 
technique until TSV 100 is exposed . In this manner TSV 100 25 EM effects in relation to the proximate TSV 100 . In various 
passes completely through chip 10 ( e . g . TSV 100 passes embodiments , the cathode end 202 may be electrically 
through substrate 50 , BEOL wiring layer 70 , FEOL layer 60 ) connected to wiring layer 82 , 84 , 86 , etc . to force the current 
as exemplarily shown in FIG . 2 and FIG . 3 . and the anode end 204 may be electrically connected to 

In subsequent wafer 5 fabrication stages a backside and wiring layer 82 , 84 , 86 , etc . to sense the current . In other 
front side contacts ( not shown ) may be formed . The contacts 30 embodiments , the cathode end 202 may be electrically 
may be electrically conductive contact pads electrically connected to via 65 , etc . which provides for an electrical 
coupled to TSV 100 and may be fabricated by forming a pad connection to an external device to force the current and the 
opening in a deposited dielectric layer , forming a seed layer , anode end 204 may be electrically connected to via 65 , etc . 
performing an electrochemical plating ( ECP ) to fill the which provides for an electrical connection to the external 
opening with a metallic material , and then performing a 35 device to sense the current . 
CMP to remove excess metallic material . Additional metal In some embodiments , as shown in FIG . 5A and FIG . 5B , 
layers or bumps ( e . g . solder bumps , etc . ) may also be formed EM monitor 120 also includes extrusion monitor wire 250 in 
upon the contacts and electrically coupled to TSV 100 to close physical proximity to EM wire 200 . For example , 
allow for subsequent interconnect with another electrical extrusion monitor wire 250 may be less than 1 um from EM 
package ( e . g . IC , chip 10 , interposer , etc . ) . 40 wire 200 . There may be numerous extrusion monitor wires 

In various embodiments , TSV 100 is formed generally 250 within EM monitor 120 . For example , there may be an 
within EM monitor 120 . In certain embodiments , a TSV 100 extrusion monitor wire 250 in each EM layer 122 , 124 , 126 , 
and an associated EM 120 is formed within testing region 30 etc . In certain embodiments , the extrusion monitor wire 250 
comprised within an active area of chip 10 as shown in FIG . serves as a dummy line to aid in the fabrication , printing , 
2 . In other embodiments , a TSV 100 and an associated EM 45 formation , etc . of EM wire 200 and may be positioned 
120 is formed within testing region 30 comprised within a further from EM wire 200 . In other embodiments , the 
kerf 20 as shown in FIG . 3 . extrusion monitor wire serves as an extrusion monitor . As 

FIG . 4A - FIG . 4D depict detailed cross section views of extrusion occurs in the EM wire 200 during EM stress 
semiconductor structures including EM monitor 120 and associated with high current densities , an electrical short or 
TSV 100 , in accordance with various embodiments of the 50 increase in leakage current is expected to occur between the 
present invention . The view of FIG . 4A - FIG . 4D are shown EM wire 200 and the parallel - running extrusion monitor 
parallel to the length and through the center of TSV 100 . wire 250 . When extrusion monitor wire 250 is included 
Particularly , FIG . 4A depicts wiring or wiring group in EM within EM monitor 120 the combination of EM wire 200 and 
layer 122 generally positioned nearest to TSV 100 , wiring or extrusion monitor wire 250 may form a wiring group within 
wiring group in EM layer 126 generally positioned furthest 55 the EM layer . Because the EM wire 200 and extrusion 
away from TSV 100 , and wiring or wiring group in EM layer monitor wire 250 may be included within EM layers 122 , 
124 generally positioned at an intermediate dimension from 124 , 126 , etc . , the dimension from the outer surface of TSV 
TSV 100 . FIG . 4B depicts wiring or wiring group in EM 100 and the nearest surface of e . g . EM wire 200 may vary 
layer 122 generally positioned furthers from TSV 100 , depending upon the respective EM layer 122 , 124 , 126 , etc . 
wiring or wiring group in EM layer 126 generally positioned 60 considered . 
nearest to TSV 100 , and wiring or wiring group in EM layer In certain embodiments , exemplarily shown in FIG . 5A , 
124 generally positioned at an intermediate dimension from the EM wire 200 is nearest a predetermined TSV 100 keep 
TSV 100 . FIG . 4C depicts a semiconductor structure includ out area orthogonally arranged about the TSV 100 . Such and 
ing two EM layers 124 , 126 , having wiring or wiring groups arrangement allows for sensitive four point EM effect moni 
generally positioned at a similar dimension from TSV 100 . 65 tor nearest TSV 100 . In certain embodiments , exemplarily 
FIG . 4D depicts a semiconductor structure including wiring shown in FIG . 5B , the EM wire 200 is circularly arranged 
or wiring group within a single EM layer 126 . Though one , proximate to TSV 100 . In certain embodiments , via 65 

as 



US 9 , 891 , 261 B2 

connected to EM wire 200 at the e . g . cathode end 202 and present invention . In certain implementations , EM wire 200 
the anode end 204 are remote to TSV 100 relative to EM may be in close physical proximity to a surrounding one or 
wire 200 to allow for the separation of interface effects from more extrusion monitor wires 250 . For example , a bottom 
via effects and / or delamanation and extrusion . Interface extrusion monitor wire 250 - B may be less than 1 um from 
effects relate to e . g . submicron Cu lines with near bamboo 5 EM wire 200 , a top extrusion monitor wire 250 - T may be 
grain structures , diffusion at Cu and top capping layer less than 1 um from EM wire 200 , a right extrusion monitor 
interface dominates EM mass transport and voids may form wire 250 - R may be less than 1 um from EM wire 200 , and / or 
at the top of Cu line . Via effects relate to e . g . vias 65 that are a left extrusion monitor wire 250 - L may be less than 1 um 
connected to EM wire 200 being a weak spot for voids to from EM wire 200 . For clarity , the EM wire 200 may be 
nucleate and agglomerate . By placing vias remotely away 10 surrounded by less than or greater than four extrusion 
from TSV 100 , such via effect could be minimized and monitor wires 250 . For example , EM wire 200 may be 
interface effect induced void formation in EM wire 200 surrounded by extrusion monitor wires 250 - T , 250B , and 
during EM stress could be purposely detected if TSV 250 - R forming a wiring group . The wiring group may be in 
proximity effect on EM wire 200 is present . close proximity to TSV 100 such that e . g . extrusion monitor 

FIG . 6A - FIG . 6C depict detailed top - down cross sectional 15 wires 250 - T , 250 - B , and EM wire 200 are in close proximity 
views of semiconductor structures including EM monitor to TSV 100 . In certain embodiments , EM wire 200 and 
120 and TSV 100 , in accordance with various embodiments extrusion monitor wires 250 - L , 250 - R may be included in a 
of the present invention . The view of FIG . 6A - FIG . 6C is similar EM layer . For example , extrusion monitor 250 - B 
shown parallel to and through an EM layer . may be included within EM layer 122 , EM wire 200 and 
As shown in FIG . 6A , EM wire 200 may be arranged in 20 extrusion monitor wires 250 - L , 250 - R may be included 

a loop that positioned in physically close proximity to the within EM layer 124 , and extrusion monitor 250 - T may be 
perimeter or the portion of the perimeter of TSV 100 . included within EM layer 126 . 
Though a single loop is shown in FIG . 6A , the EM wire 200 FIG . 8A - FIG . 8E depict detailed top - down cross sectional 
may be arranged in numerous loops positioned about the views of semiconductor structures including EM monitor 
perimeter or the portion of the perimeter of TSV 100 . In 25 120 and TSV 100 , in accordance with various embodiments 
certain embodiments , the EM wire 200 may be looped about of the present invention . The view of FIG . 8A - FIG . 8E is 
the perimeter or the portion of the perimeter of multiple shown parallel to and through an EM layer . In certain 
TSVs 100 . Depending upon wire printing , formation , fab - embodiments , EM monitor 120 is the structure or method of 
rication , etc . limitations , circular shaped wiring may be measuring leakage current from EM wire 300 that includes 
achieved by arranging numerous vertical and horizontal 30 via 65 ; the EM wire 300 positioned in physically close 
wiring portions to form EM wire 200 positioned about the proximity to the perimeter or the portion of the perimeter of 
perimeter or the portion of the perimeter of TSV 100 , as TSV 100 . In certain embodiments , EM wire 300 includes 
shown in FIG . 6B . one or more portions 306 electrically connected to one or 
As shown in FIG . 6C , EM wire 200 may include portions more portions 308 by via 65 generally positioned about the 

206 of high current density electrically connected to portions 35 perimeter or the portion of the perimeter of one or more 
208 of low current density . Generally , portions 206 have a TSVs 100 . There may be numerous EM wires 300 within 
smaller cross sectional area relative to portions 208 leading EM monitor 120 . For example , there may be an EM wire 
the current density differences . Because the portions 206 are 300 in each EM layer 122 , 124 , 126 , etc . An electrical 
subjected to a higher current density the portions 206 are current may be forced upon EM wire 300 such that an 
more susceptible to EM effects . Such increased sensitivity to 40 electron flow is in the direction from cathode end 302 toward 
induced extrusion would occur near portion 206 of EM wire the anode end 304 of EM wire 300 . A resistance increase or 
200 to which electrons and thus metal atoms flow , causing drop across EM wire 300 may be measured and compared to 
increased stress , delamination / cracking in dielectric layers , a theoretical , known , anticipated , etc . resistance increase and 
current leakage , and potential electrical shorting to an adja - drop to determine potential voids , current leakage , etc . In 
cent current carrying structure such as TSV 100 , extrusion 45 various embodiments , the cathode end 302 may be electri 
monitor wire 250 , etc . In certain embodiments portions 206 cally connected to wiring layer 82 , 84 , 86 , etc . to force the 
and portions 208 may be included in a similar EM layer . In current and the anode end 304 may be electrically connected 
other embodiments , portions 206 and portions 208 may be to wiring layer 82 , 84 , 86 , etc . to sense the current . In other 
included in differing EM layers . For example , portion 206 embodiments , the cathode end 302 may be electrically 
may be located in EM layer 122 and portions 208 may be 50 connected to via 65 , etc . which provides for an electrical 
located in EM layer 124 . In various embodiments , portion connection to an external device to force the current and the 
206 or portion 208 may be electrically connected to the anode end 304 may be electrically connected to via 65 , etc . 
cathode end 202 or the anode end 204 . Portions 206 may be which provides for an electrical connection to the external 
shorter in length relative to portions 208 to evaluate whether device to sense the current . 
the " short - length ” effect is the same in the immediate 55 In certain embodiments , portions 306 are included in a 
vicinity of TSV 100 as it is far away . If the short - length similar EM layer and portions 308 are included in a similar 
behavior is different , the short - length rule may be changed EM layer . For example , portions 306 may be included in EM 
near TSV 100 , the short wiring lines 80 should be kept away layer 122 and portions 308 may be included in EM layer 
from TSV 100 in active areas of chips 10 by a specified 124 . Similarly , the cathode end 302 and / or anode end 304 
distance , etc . Also , since the short - length effect is a direct 60 may be located in similar or differing EM layers . Portions 
result of mechanical confinement in metal lines from sur - 306 and portions 308 may share a similar dissimilar cross 
rounding dielectrics , EM monitor 120 can be used as a test sectional area and associated similar or dissimilar current 
structure to detect if the mechanical integrity of dielectric density . For example , the cross section area of portions 
layers is compromised by TSV 100 fabrication process nearest TSV 100 may be relatively smaller . 
and / or induced EM stress . 65 The physical basis of EM of metal atoms in EM wire 200 

FIG . 7 depicts an isometric view of sections of EM or EM wire 300 is related to the momentum exchange 
monitor 120 , in accordance with various embodiments of the between conducting electrons and diffusing metal atoms . At 
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any temperature above 0 K , atomic vibrations occur . These monitor wire 250 serves as a dummy line to aid in the 
vibrations ( phonons ” ) put a metal atom out of its perfect fabrication , printing , formation , etc . of EM wire 300 and 
position about 1013 times each second and disturb the may be positioned further from EM wire 300 . In other 
periodic potential , causing electron scattering . The scatter - embodiments , the extrusion monitor wire 250 serves as an 
ing event makes the electron change direction , i . e . , undergo 5 extrusion monitor . As extrusion occurs in the EM wire 300 
acceleration for which there is a corresponding force . After during EM stress associated with high current densities , an 
many collisions , the force averages out in the direction of electrical short or increase in leakage current is expected to 
electron flow from cathode end toward the anode end of EM occur between the EM wire 300 and the parallel - running wire . The force due to collisions of electrons to metal atoms extrusion monitor wire 250 . When extrusion monitor wire is called the momentum exchange , which is the same as 10 250 is included within EM monitor 120 the combination of force . In general , this EM force is proportional to the current EM wire 300 and extrusion monitor wire 250 may form a density . EM induced extrusion may occur near a portion of wiring group within the EM layer . Because the EM wire 300 EM wire ( e . g . at the anode end ) to which electrons and thus and / or extrusion monitor wire 250 may be included within metal atoms flow , causing delamination / cracking in dielec 
tric lavers , current leakage , and potential electrical shorting 15 . EM layers 122 , 124 , 126 , etc . , the dimension from the outer 
to an adjacent current carrying structure such as TSV 100 , surface of TSV 100 and the nearest surface of e . g . EM wire 
extrusion monitor wire 250 , etc . In certain embodiments , 300 may vary depending upon the respective EM layer 122 , 
each via 65 may be tapped out individually for an applicable 124 , 126 , etc . considered . 
EM test . In certain embodiments , the EM wire 300 in surrounded 

As shown in FIG . 8A , in certain embodiments , the relative 20 by multiple extrusion monitor wires 250 . For instance , a 
lengths of portions 306 and portions 308 may be similar and bottom extrusion monitor wire 250 - B may be less than 1 um 
electrically connected by via 65 in physical proximity about from EM wire portion 306 , a top extrusion monitor wire 
a perimeter portion of TSV 100 . 250 - T may be less than 1 um from EM wire portion 306 , a 

In certain embodiments , EM monitor 120 may be utilized right extrusion monitor wire 250 - R may be less than 1 um 
to test for TSV proximity effect . It is therefore may be 25 from EM wire portion 306 , and / or a left extrusion monitor 
important to decouple EM effects on wires ( e . g . portion 306 , wire 250 - L may be less than 1 um from EM wire portion 
308 , etc . ) versus vias 65 . For example , to determine TSV 306 . For clarity , the EM wire 300 may be surrounded by less proximity effect on wires , it may be beneficial to keep vias than or greater than four extrusion monitor wires 250 . 
65 proximately further away from the TSV 100 relative to In the exemplary EM monitor shown in FIG . 9A , a top EM wiring , or visa versa . Therefore , as exemplarily shown 30 EM EM wire portion 308 may be included in a similar EM in FIG . 8B and in FIG . 8C , portions 306 may be short links wiring layer 126 as extrusion monitor 250 - T , EM wire around the perimeter or perimeter portion of TSV 100 that portion 306 may be included in a similar EM wiring layer are electrically connected to relatively longer portions 308 
by vias 65 . In such exemplary embodiment , the TSV 100 124 as extrusion monitor 250 - L and 250 - R , and a bottom 
proximity effect on the via 65 and via 65 & portion 308 35 . EM wire portion 308 may be included in a similar EM 
interface may be tested . As shown in FIG . 8B , the longer wiring layer 122 as extrusion monitor 250 - B . In such similar 
portions 308 relatively further away from TSV 100 in order embodiments , the extrusion monitor wires 250 - T , 250B , and 
to minimize the relative TSV effect , while the critical the via 250 - R forming a wiring group . The wiring group may be in 
65 and via 65 & portion 308 interfaces to be evaluated are close proximity to TSV 100 such that e . g . extrusion monitor 
in close proximity to TSV 100 . Also , shorter portions 306 40 wires 250 - T , 250 - B , and EM wire portions 306 , 308 are in 
may be used to electrically connect to longer portions 308 , close proximity to TSV 100 . 
so that damage does not occur in the shorter portions 306 . In In the exemplary EM monitor shown in FIG . 9B , a first 
such an exemplary embodiment , single via / line interfaces top EM wire portion 308 and a second top wire portion 308 
may be serially evaluated . The dimensions ( e . g . total wire may be included in a similar EM wiring layer 126 as 
length , etc . ) of loops formed by portions 308 in FIG . 8B and 45 extrusion monitor 250 - T , EM wire portion 306 may be 
in FIG . 8C may be changed within each EM layer to further included in a similar EM wiring layer 124 as extrusion 
quantify the TSV effect . monitor 250 - L and 250 - R , and a extrusion monitor 250 - B 

The exemplary EM monitor 120 shown in FIG . 8D may may be in wiring layer 122 . In an exemplary embodiment , 
be useful to further quantify the TSV proximity effect by 250 - R may be omitted from the wiring group and portions 
adjusting spacing between vias 65 and TSV 100 . The 50 308 , 306 and extrusion monitors 250 - T , 250 - B may be in 
exemplary EM monitor shown in FIG . 8E may consist of close proximity to TSV 100 . 
serially linked portions 306 and portions 306 in a circular In the exemplary EM monitor shown in FIG . 9C , a first 
fence configuration to provide enhanced sensitivity for cap - bottom EM wire portion 308 and a second bottom wire 
turing TSV proximity effect from all directions . In certain portion 308 may be included in a similar EM wiring layer 
embodiments , portions 306 and / or portions 308 may include 55 122 as extrusion monitor 250 - B , EM wire portion 306 may 
sense tap 410 to allow for current sense , debug , post - stress be included in a similar EM wiring layer 124 as extrusion 
EM failure localization , etc . Sense tap 410 may be electri - monitor 250 - L and 250 - R , and a extrusion monitor 250 - T 
cally connected to wiring layer 82 , 84 , 86 , etc . to sense the may be in wiring layer 126 . In an exemplary embodiment , 
current , etc . 250 - L may be omitted from the wiring group and portions 

FIG . 9A - FIG . 9C depicts an isometric view of sections of 60 308 , 306 and extrusion monitors 250 - T , 250 - B may be in 
EM monitor 120 , in accordance with various embodiments close proximity to TSV 100 . 
of the present invention . FIG . 9A - FIG . 9C depict exemplary FIG . 10 depicts an exemplary semiconductor device fab 
EM monitors that include a EM wire 300 and extrusion rication process flow method 320 , in accordance with vari 
monitor wire 250 in close physical proximity to one or more ous embodiments of the present invention . Method 320 
portions of EM wire 300 . For example , an extrusion monitor 65 begins at block 302 and continues by forming one or more 
wire 250 may be less than 1 um from one or more portions semiconductor devices ( e . g . devices 55 , etc . ) upon or within 
of EM wire 300 . In certain embodiments , the extrusion a semiconductor substrate ( e . g . substrate 50 , etc . ) ( block 
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etc . 

304 ) . For example , a transistor may be formed upon sub - machines and / or equipment for generating masks ( e . g . 
strate 50 and / or a FinFET fin may be formed upon substrate e - beam writers ) , computers or equipment for simulating 
50 , etc . design structures , any apparatus used in the manufacturing 
Method 320 may continue with forming a plurality of or test process , or any machines for programming function 

wiring layers ( e . g . wiring 80 , etc . ) upon the semiconductor 5 ally equivalent representations of the design structures into 
substrate 50 ( block 306 ) . For example , wiring layers 82 , 84 , any medium ( e . g . a machine for programming a program 
86 , etc . may be formed upon the substrate 50 in BEOL mable gate array ) . 
fabrication processes . Some or the plurality of wiring layers Design flow 400 may vary depending on the type of 
may be electrically connected to the devices . representation being designed . For example , a design flow 
Method 320 may continue with forming one or more EM 10 400 for building an application specific IC ( ASIC ) may 

monitors ( e . g . EM monitor 120 , etc . ) ( block 308 ) . In certain differ from a design flow 400 for designing a standard 
embodiment , the EM monitors may include a plurality of component or from a design flow 400 for instantiating the 
EM wiring layers that may be formed in association with design into a programmable array , for example a program 
respective wiring 80 layers . For example , EM layer 122 may mable gate array ( PGA ) or a field programmable gate array 
be formed in association with wiring layer 82 , EM layer 124 15 ( FPGA ) offered by Altera® Inc . or Xilinx® Inc . 
may be formed in association with wiring layer 84 , and EM FIG . 12 illustrates multiple such design structures includ 
layer 126 may be formed in association with wiring layer 86 , ing an input design structure 420 that is preferably processed 

by a design process 410 . Design structure 420 may be a 
Method 320 may continue with forming a TSV ( e . g . TSV logical simulation design structure generated and processed 

100 , etc . ) within the perimeter of EM monitor ( block 310 ) . 20 by design process 410 to produce a logically equivalent 
For example , a TSV trench may be etched and filled with functional representation of a hardware device . Design 
TSV material , the backside of the substrate may be removed structure 420 may also or alternatively comprise data and / or 
to expose the TSV through the backside of the substrate , etc . program instructions that when processed by design process 
In certain embodiments , method 320 may continue with 410 , generate a functional representation of the physical 
further semiconductor fabrication techniques that may add 25 structure of a hardware device . Whether representing func 
or remove components , materials , etc . in further front end of tional and / or structural design features , design structure 420 
line , middle end of line , or back end of line , etc . fabrication may be generated using electronic computer - aided design 
steps to form a semiconductor device . Method 320 ends at ( ECAD ) such as implemented by a core developer / designer . 
block 312 When encoded on a machine - readable data transmission , 

FIG . 11 depicts an exemplary EM testing method 350 , in 30 gate array , or storage medium , design structure 420 may be 
accordance with various embodiments of the present inven - accessed and processed by one or more hardware and / or 
tion . Method 350 begins at block 352 and continues with software modules within design process 410 to simulate or 
forcing electrical current through EM monitor wiring ( e . g . otherwise functionally represent an electronic component , 
EM wiring 200 , EM wiring 300 , etc . ) arranged in close circuit , electronic or logic module , apparatus , device , struc 
proximity to the perimeter or a portion of the perimeter of a 35 ture , or system such as those shown in FIGS . 1 - 9C . As such , 
TSV ( e . g . TSV 100 , etc . ) ( block 354 ) . Method 350 may design structure 420 may comprise files or other data 
continue with measuring an electrical resistance increase or structures including human and / or machine - readable source 
drop across the EM monitor wiring ( block 356 ) . Method 350 code , compiled structures , and computer - executable code 
may continue with determining EM effects ( e . g . stress , structures that when processed by a design or simulation 
delaminating , failure , shorting , whether an early electrical 40 data processing system , functionally simulate or otherwise 
open or resistance increase exists within the EM monitor represent circuits or other levels of hardware logic design . 
wiring due to TSV 100 induced proximity effect , etc . ) due to Such data structures may include hardware - description lan 
the EM monitor wiring proximity to the TSV ( block 358 ) . guage ( HDL ) design entities or other data structures con 
For example , it may be determined whether an electrical forming to and / or compatible with lower - level HDL design 
short exists between the EM monitor wiring and the TSV 45 languages such as Verilog and VHDL , and / or higher level 
from the measured electrical resistance . Method 350 ends at design languages such as C or C + + . 
block 460 . Design process 410 preferably employs and incorporates 

Referring now to FIG . 12 , a block diagram of an exem - hardware and / or software modules for synthesizing , trans 
plary design flow 400 used for example , in semiconductor lating , or otherwise processing a design / simulation func 
integrated circuit ( IC ) logic design , simulation , test , layout , 50 tional equivalent of the components , circuits , devices , or 
and / or manufacture is shown . Design flow 400 includes structures shown FIGS . 1 - 9C to generate a Netlist 480 which 
processes , machines and / or mechanisms for processing may contain design structures such as design structure 420 . 
design structures or devices to generate logically or other Netlist 480 may comprise , for example , compiled or other 
wise functionally equivalent representations of the struc wise processed data structures representing a list of wires , 
tures and / or devices described above and shown in FIGS . 55 discrete components , logic gates , control circuits , I / O 
1 - 9C . devices , models , etc . that describes the connections to other 

The design structures processed and / or generated by elements and circuits in an integrated circuit design . Netlist 
design flow 400 may be encoded on machine - readable 480 may be synthesized using an iterative process in which 
transmission or storage media to include data and / or instruc - netlist 480 is resynthesized one or more times depending on 
tions that when executed or otherwise processed on a data 60 design specifications and parameters for the device . As with 
processing system generate a logically , structurally , other design structure types described herein , netlist 480 
mechanically , or otherwise functionally equivalent represen - may be recorded on a machine - readable data storage 
tation of hardware components , circuits , devices , or systems . medium or programmed into a programmable gate array . 
Machines include , but are not limited to , any machine used The storage medium may be a non - volatile storage medium 
in an IC design process , such as designing , manufacturing , 65 such as a magnetic or optical disk drive , a programmable 
or simulating a circuit , component , device , or system . For gate array , a compact flash , or other flash memory . Addi 
example , machines may include : lithography machines , tionally , or in the alternative , the storage medium may be a 
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system or cache memory , buffer space , or electrically or The accompanying figures and this description depicted 
optically conductive devices in which data packets may be and described embodiments of the present invention , and 
intermediately stored . features and components thereof . Those skilled in the art 

Design process 410 may include hardware and software will appreciate that any particular nomenclature used in this 
modules for processing a variety of input data structure 5 description was merely for convenience , and thus the inven 
types including Netlist 480 . Such data structure types may tion should not be limited by the specific process identified 
reside , for example , within library elements 430 and include and / or implied by such nomenclature . Therefore , it is 
a set of commonly used elements , circuits , and devices , desired that the embodiments described herein be considered 
including models , layouts , and symbolic representations , for in all respects as illustrative , not restrictive , and that refer 
a given manufacturing technology ( e . g . , different technology 10 ence be made to the appended claims for determining the 
nodes , 32 nm , 45 nm , 90 nm , etc . ) . The data structure types scope of the invention . 
may further include design specifications 440 , characteriza The exemplary methods and techniques described herein 
tion data 450 , verification data 460 , design rules 470 , and may be used in the fabrication of integrated circuit chips . 
test data files 485 which may include input test patterns , The resulting integrated circuit chips can be distributed by 
output test results , and other testing information . Design 15 the fabricator in raw wafer form ( i . e . , as a single wafer that 
process 410 may further include , for example , standard has multiple unpackaged chips ) , as a bare die , or in a 
mechanical design processes such as stress analysis , thermal packaged form . In the latter case , the chip is mounted in a 
analysis , mechanical event simulation , process simulation single chip package ( e . g . , a plastic carrier , with leads that are 
for operations such as casting , molding , and die press affixed to a motherboard or other higher level carrier ) or in 
forming , etc . 20 a multichip package ( e . g . , a ceramic carrier that has either or 
One of ordinary skill in the art of mechanical design can both surface interconnections or buried interconnections ) . 

appreciate the extent of possible mechanical design tools The chip is then integrated with other chips , discrete circuit 
and applications used in design process 410 without devi - elements and / or other signal processing devices as part of 
ating from the scope and spirit of the invention claimed either ( a ) an intermediate product , such as a motherboard , or 
herein . Design process 410 may also include modules for 25 ( b ) an end product . The end product can be any product that 
performing standard circuit design processes such as timing includes integrated circuit chips , ranging from toys and 
analysis , verification , design rule checking , place and route other low - end applications to advanced computer products 
operations , etc . having numerous components , such as a display , a keyboard 

Design process 410 employs and incorporates logic and or other input device and / or a central processor , as non 
physical design tools such as HDL compilers and simulation 30 limiting examples . 
model build tools to process design structure 420 together Unless described otherwise or in addition to that 
with some or all of the depicted supporting data structures described herein , “ depositing " may include any now known 
along with any additional mechanical design or data ( if or later developed techniques appropriate for the material to 
applicable ) , to generate a second design structure 490 . be deposited , including , but not limited to : CVD , LPCVD , 
Design structure 490 resides on a storage medium or pro - 35 PECVD , semi - atmosphere CVD ( SACVD ) , high density 
grammable gate array in a data format used for the exchange plasma CVD ( HDPCVD ) , rapid thermal CVD ( RTCVD ) , 
of data of mechanical devices and structures ( e . g . informa - ultra - high vacuum CVD ( UHVCVD ) , limited reaction pro 
tion stored in a IGES , DXF , Parasolid XT , JT , DRG , or any cessing CVD ( LRPCVD ) , metalorganic CVD ( MOCVD ) , 
other suitable format for storing or rendering such mechani sputtering deposition , ion beam deposition , electron beam 
cal design structures ) . 40 deposition , laser assisted deposition , thermal oxidation , ther 

Similar to design structure 420 , design structure 490 mal nitridation , spin - on methods , physical vapor deposition 
preferably comprises one or more files , data structures , or ( PVD ) , atomic level deposition ( ALD ) , chemical oxidation , 
other computer - encoded data or instructions that reside on molecular beam epitaxy ( MBE ) , plating or evaporation . Any 
transmission or data storage media and that when processed references to “ poly ” or “ poly silicon ” should be understood 
by an ECAD system generate a logically or otherwise 45 to refer to polycrystalline silicon . 
functionally equivalent form of one or more of the embodi - References herein to terms such as " vertical ” , “ horizon 
ments of the invention shown in FIGS . 1 - 9C . In one embodi - tal ” , etc . are made by way of example , and not by way of 
ment , design structure 490 may comprise a compiled , limitation , to establish a frame of reference . The term 
executable HDL simulation model that functionally simu " horizontal ” as used herein is defined as a plane parallel to 
lates the devices shown in FIGS . 1 - 9C . 50 the conventional plane or surface of the substrate , regardless 

Design structure 490 may also employ a data format used of the actual spatial orientation of the semiconductor sub 
for the exchange of layout data of integrated circuits and / or strate . The term “ vertical ” refers to a direction perpendicular 
symbolic data format ( e . g . information stored in a GDSII to the horizontal , as just defined . Terms , such as “ on ” , 
( GDS2 ) , GL1 , OASIS , map files , or any other suitable " above ” , “ below ” , “ side ” ( as in “ sidewall ” ) , “ higher ” , 
format for storing such design data structures ) . Design 55 “ lower ” , “ over ” , “ beneath ” and “ under ” , are defined with 
structure 490 may comprise information such as , for respect to the horizontal plane . It is understood that various 
example , symbolic data , map files , test data files , design other frames of reference may be employed for describing 
content files , manufacturing data , layout parameters , wires , the present invention without departing from the spirit and 
levels of metal , vias , shapes , data for routing through the scope of the present invention . 
manufacturing line , and any other data required by a manu - 60 The invention claimed is : 
facturer or other designer / developer to produce a device or 1 . A semiconductor structure comprising : 
structure as described above and shown in FIGS . 1 - 9C . a through silicon via ( TSV ) comprising at least one 
Design structure 490 may then proceed to a stage 495 where , perimeter sidewall , wherein the TSV extends com 
for example , design structure 490 : proceeds to tape - out , is pletely through a semiconductor chip ; and 
released to manufacturing , is released to a mask house , is 65 an electromigration ( EM ) monitor comprising a plurality 
sent to another design house , is sent back to the customer , of EM wires proximately arranged about the at least 
etc . one perimeter sidewall of the TSV 
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a dielectric that contacts and is between the at least one distance from the at least one perimeter sidewall of the TSV 
sidewall perimeter of the TSV and the plurality of EM to a second EM wire in a second EM layer are similar . 
wires . 5 . The semiconductor structure of claim 1 , wherein a first 

2 . The semiconductor structure of claim 1 . wherein a first distance from the TSV to a first EM wire within a first EM 
EM wire comprises a top surface . bottom surface inside 5 layer is greater than a second distance from the TSV to a 

second EM wire in a different second EM layer . surface that faces toward the at least one perimeter sidewall 6 . The semiconductor structure of claim 1 , wherein an EM of the TSV , and an outside surface that faces away from the wire is circularly arranged about the perimeter of the TSV . 
at least one perimeter sidewall of the TSV , and wherein the 7 . The semiconductor structure of claim 1 , wherein an EM 
EM monitor further comprises : wire is orthogonally arranged about the perimeter of the 

a plurality of extrusion monitor wires proximately 10 TSV . 
arranged next to the first EM wire , the plurality of 8 . The semiconductor structure of claim 1 , wherein an EM 
extrusion monitor wires comprising a first extrusion wire comprises a first section having a larger cross sectional 
monitor wire that is separated from the first EM top area relative and electrically connected to a second section . 
surface by the dielectric , a second extrusion monitor 15 9 . The semiconductor structure of claim 2 , wherein a first 
wire that is separated from the first EM bottom surface side extrusion monitor wire is proximately arranged next to 
by the dielectric , and a third extrusion monitor wire that an EM wire first side surface , a second side extrusion 
is separated from the first EM outside surface by the monitor wire is proximately arranged next to the EM wire 
dielectric . second side surface , a third side extrusion monitor wire is 

3 . The semiconductor structure of claim 1 , wherein the 20 P proximately arranged next to the EM wire lower surface , and a fourth side extrusion monitor wire is proximately arranged semiconductor chip comprises a plurality of electrical wiring 
next to the EM wire upper surface . layers , and wherein upper and lower surfaces of a respective 10 . The semiconductor structure of claim 1 , wherein an wiring layer are coplanar with upper and lower surfaces of EM wire comprises a first portion in a first EM layer an associated EM wire . 

4 . The semiconductor structure of claim 1 , wherein a first 25 - electrically connected by a via to a second portion in a 
distance from the at least one perimeter sidewall of the TSV the ot1onstone nerimotor sidomoll of the TV second EM laver . 

to a first EM wire within a first EM layer and a second * * * * * 


